A spontaneous, single-gene mutation responsible for a total lack of invertase activity in Neurospora crassa is described. The mutation is believed to lie in the structural gene for invertase, since an immunologically cross-reacting protein is made by the mutant strain. In addition, there was no evidence for a defect in regulation of invertase activity or synthesis by the following criteria. (i) The invertaseless condition was recessive in heterokaryons; (ii) no invertase inhibitor was found in mutant extracts by mixing experiments; and (iii) none of the several sugars able to induce activity in wild-type strains was able to induce activity in the mutant strain. It was also discovered that most of the wild-type enzyme (55 to 75 %) cannot be washed free from the rapidly sedimenting cell debris. This finding provided additional support for the hypothesis that Neurospora invertase is located within or about the cell wall.
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While developing a system for the analysis of circadian rhythms in Neurospora crassa (15) , we discovered a mutant strain lacking invertase activity (f.-D-fructofuranoside fructohydrolase, EC 3.2.1.32). The strain is thus unable to utilize sucrose as a carbon source.
Gene-enzyme studies were conducted on this mutant because invertase may have an indirect role in Neurospora rhythmicity (15) . Study was further warranted by the work of Metzenberg, Trevithick, and Marzluf, who have investigated the coordinate regulation of invertase and trehalase in Neurospora (8) , the localization of invertase (9) , the subunit structure of invertase (11) , and the significance of the localization and subunit structure with respect to secretion of the enzyme (17) and uptake of sugars (7) .
In this paper, we describe the discovery and and genetics of the invertaseless strain. We also present experiments designed to investigate: (i) the nutritional and enzymatic defects of the mutant strain; (ii) the nature of the enzymatic defect; and (iii) the localization of invertase.
MATERIALS AND METHODS Strains. Most of the strains utilized were described in the accompanying paper (15) . Three additional strains were used for making heterokaryons: F6A (ad4),F16A (ad-4), and B368-4-3a (arg-10). Stock maintenance, preservation, designations, and gene symbols are as described before (15 Heterokaryons. Heterokaryons were made according to standard techniques (14) , and the nuclear ratios were determined by plating conidia on minimal and supplemented media as described by Prout et al. (13) . The equation of Atwood and Mukai (3) was used to calculate the nuclear ratio from the proportions of conidial types found.
Growth and extraction. Dry-weight growth tests were conducted according to standard techniques (14) .
In studying the nature of the invertase defect, the following methods were employed. Florence flasks half-filled with appropriate media were inoculated (104 to 106 conidia/ml), incubated on a reciprocal shaker, and harvested by filtration. The mycelial pads were washed with cold water, pressed dry, and lyophiized. The lyophilized mycelium was ground in a Wiley Mill, and the powder passing a 60-mesh screen was collected. Crude extracts were made by suspending the ground powder (50 mg/ml) in buffer at pH 5 5 (100 mg/ml), ground in an Omnimixer in a 10-ml glass homogenizer. (ii) For sonic treatment, wrung mycelium was suspended in buffer at pH 5 (100 mg/ml), ground in an Omnimixer for 2 to 3 min, and then sonically treated for 2 to 15 min at 7 amp in a Branson Sonifier (model S 75). (iii) For acetone-ground material, wrung mycelium was washed with cold acetone (-20 C), air-dried, ground in cold acetone for 3 to 4 minutes in an Omnimixer, collected by filtration, washed with warm acetone (20 to 25 C), and air-dried. The acetone powder was then suspended in buffer at pH 5 (50 mg/ml). (iv) For lyophilization, wrung mycelium was lyophilized, ground, and suspended as described in the preceding paragraph. (v) For dry ice-ground material, the directions of Metzenberg (10) were followed exactly. Fractionation of the breis into extracts, washes, and pellets was done by centrifugation at 4,000 X g for 20 min. Breis and pellets were allowed to incubate in buffer for 1 hour with shaking before centrifugation. All steps were conducted at 0 to 4 C.
Assays. Invertase activity in crude extracts from shake cultures was assayed by a method modified from Metzenberg (8) . The assays were conducted by (i) adding 25 j,moles of sucrose in 0.1 ml of water to 0.4 ml of suitably diluted extract or purified invertase in buffer at pH 5, (ii) incubating for 15 min at 37 C, (iii) stopping the reaction by boiling for 5 min, and (iv) measuring the glucose produced by adding commerical Glucostat reagent (Worthington Biochemical Co.) directly to the incubation tube. Assays for invertase activity in the brei from carboy cultures were conducted as previously described (15) . Trehalase activity was determined according to the method of Hill and Sussman (5). Specific activity units are as defined by the respective authors. Protein determinations were done by the method of Lowry et al. (6) with bovine serum albumin as the protein standard.
Immunology. Antibody preparations (anti-invertase) were prepared by Antibodies Inc. from 10 mg of lyophilized invertase suspended in Freund's adjuvant and injected into three rabbits. Invertase was purified from the STA 4 strain of N. crassa by Metzenberg's procedure (10) . The invertase (50-fold purified; specific activity, 10,000) gave one predominant band on disc electrophoresis, and a single symmetrical peak in the model E ultracentrifuge and in glycerol density gradients (Braymer, Sargent, and Woodward, unpublished data). Sera from rabbits injected with Neurospora adenylosuccinase and I3-D-galactosidase (with their respective preinjection sera) were used as controls. The antisera were diluted into 0.01 M phosphate buffer, pH 8.0, when required.
Immunodiffusion experiments were conducted by double diffusion in agar plates (4) Solubilization experiments. Washed cellular debris ("walls") from the suspension of ground, lyophilized mycelium was suspended either in borate buffer (0.2 M, pH 8.5) or in 1% Triton X-100 (Rohm and Haas) and was incubated on ice for 1 hr. Separation into supernatant fractions and pellets was as described above for the fractionation of mycelial breis. Table 1 ). The data showed that sucrose is not utilized as a carbon source, but that its hydrolysis products, glucose and fructose, are readily used. This result could be explained most easily by assuming that this strain lacks the enzyme invertase.
RESULTS
Absence of invertase activity in inv strains. Invertase activity measurements were made on the crude extracts of several strains (Table 2) . Less than 0.1 % of the STA 4 level of activity (not significantly above background) was found in strains unable to utilize sucrose. Trehalase activity was also determined, because Metzenberg (8) had suggested that invertase and trehalase are coordinately regulated. Normal to high levels of trehalase were found in the inv strains. The simplest interpretation of these data is that the inv mutation represents a defect in the invertase structural gene.
Nature of the invertaseless condition. Three approaches provided no evidence for a regulatory NEUROSPORA INVERTASE (Table 5 ). The observed invertase levels were slightly higher than predicted from the nuclear ratios in the inoculating conidia; this effect was presumably due to a small change in the nuclear ratio or to more complete derepression of the invertase locus in inv+ nuclei.
A protein immunologically related to wildtype invertase, i.e., a cross-reacting material (CRM; 16), was found in crude extracts of inv strains. Such evidence provided more direct proof that the inv gene directs the synthesis of a protein whose conformation is nearly normal even though it is enzymatically inactive.
The result of diffusing anti-invertase serum against purified invertase is shown in Fig. 1 . The precipitin line formed (line A) is believed to represent Metzenberg's heavy invertase (11), because the purified invertase preparations that yield this line sediment as a single peak in the analytical ultracentrifuge with an S20, of 10.7 bOrder from top to bottom represents decreasing ability to induce (8) . spora do not contain all of the invertase synthesized by this organism, the matter was investir(E/346Cwoas gated because it is conceivable that the inv mupriate supple tation affects the localization and not the strucpiomokaryonsu ture of the enzyme, and because of several reports of wall-bound invertase in yeast (12) and higher plants (1, 18) . The data in Table 6 demond, unpublished strate that with a variety of extraction techniques region, indi-most of the activity found in a crude brei rewver this line mains with the "wall" fraction (pellet of 4,000 X ion (Braymer, g, 20-min centrifugation) and that only 13.0 to shed data) is 38.5% of the activity is found in the crude ex- mycelial brei, providing strong evidence that the defect is not one of enzyme localization.
DISCUSSION
The discovery of a spontaneous invertase mutant in Neurospora should be helpful for the study of the biochemistry and function of extracellular enzymes (7) . Previous attempts by Metzenberg (8) and ourselves to select mutants of this enzyme directly have been unsuccessful, but our efforts are being continued with improved selection techniques.
Although the data presented do prove that the invertaseless condition results from a single mutation, they do not rule out the possibility that two or more genes are responsible for the stucture of invertase by contributing different polypeptide chains. The presence in vivo of heavy and light forms of invertase that can be interconverted (11) and the ability to produce a variety of immunologically unrelated forms of invertase on treatment with urea, base, salt, and heat suggest that invertase is a complex of several polypeptide chains. Colvin and Braymer (personal communication) do in fact have preliminary evidence that a minimum of two different polypeptide chains are found in invertase. The presence of a CRM in the inv strain implies that a deletion covering the structural gene(s) for invertase is not the genetic lesion responsible for the invertaseless condition. The defect could be a point mutation or a deletion of one structural gene if more than one gene is responsible for producing the enzyme.
The data presented here on invertase localization extend the interpretation of Metzenberg (9) . His results demonstrated that invertase is located between the cell membrane and a barrier to proteolytic enzyme attack on invertase; thus, he proposed that the enzyme is in free solution between the cell membrane and cell wall; i.e. "intramural" (17) . As Trevithick and Metzenberg have pointed out (17) , their results do not show whether all of the Neurospora invertase is in free solution in the intramural space.
Our data (Table 6 ) demonstrate that a certain portion (25 to 45%) of mycelial invertase is readily solubilized by a variety of techniques and therefore probably does represent an activity in free solution. The experiments also show that there is a portion (55 to 75%) of the activity that remains bound to the cell debris. This activity is presumably bound at the inner surface of the wall, bound within the wall, or mechanically trapped within the fibrillar matrix of the wall. Since lyophilization, freeze-thawing, or treatment with acetone and detergent does not markedly increase the amount of activity solubilized as compared to glass homogenization, a fourth alternative, that the "bound" activity is trapped in solution between the membrane and wall of hyphal fragments, is rendered unlikely. In summary, it appears that Neurospora invertase may be found in three different locations: in the medium as a secreted enzyme, in the intramural space as a free enzyme, and bound to or trapped within the cell wall. Trevithick and Metzenberg (17) have shown that the secreted and intramural enzyme differ, at least with respect to the percentage of heavy and light forms. There is no evidence yet available regarding possible differences between the "bound" and intramural enzyme except for their localization. The inability of borate buffer to solubilize invertase as it does grape invertase (2) implies that Neurospora invertase may be bound differently from that found in higher plants, although both types are located within the cell wall and presumably fulfil the same hydrolytic function.
